INTRODUCTION
Ovarian cancer is a lethal disease in women. Epithelial ovarian cancer accounts for approximately 90% of all ovarian malignancies and is frequently diagnosed at the advanced stages when cancer cells have already metastasized to other organs (Jayson et al., 2014) . For example, ovarian cancer only represents 2.5% of all female malignancies but contributes to 5% of female cancer deaths, indicating a poor 5-year survival rate (Jayson et al., 2014) . However, if diagnosed early, the 5-year survival rate could reach approximately 93% (Torre et al., 2018) . Thus, early tumor detection and effective prognosis prediction are the keys in improving survival of ovarian cancer patients. To this end, previous studies have searched and evaluated biomarkers to diagnose this now deadly disease early and to predict survival or treatment responses or target the biomarker genes to develop novel therapies for ovarian cancer (Jayson et al., 2014) as well as analyzed the differential gene expression patterns between mucinous and clear cell ovarian cancers or between low-grade, low malignant potential and high-grade, metastatic ovarian cancer (Bonome et al., 2005; Meinhold-Heerlein et al., 2005) . Other studies associated alterations in gene or gene expression as biomarkers for the early detection or risk assessment of ovarian cancer (Earp et al., 2018; Urban et al., 2018) . However, to date, there are no useful or reliable molecular or clinical markers available for such a purpose (Force et al., 2018) . The current approaches or analyses of differential gene expression profiles usually compare ovarian cancer vs. normal tissues, which leads to limited data; nevertheless, the characterization of differential gene expression profiles between early stage precursor lesions and ovarian cancer could provide novel insights into identifying biomarkers for early detection or prognosis prediction and therapeutic targets of ovarian cancer.
We established and characterized an in vitro cell model of mouse epithelial ovarian cancer progression according to the method of previous research (Gamwell, Collins & Vanderhyden, 2012 ). This cell model system uses isolated ovarian surface epithelial cells (MOSECs) from mice and cultures them in vitro. These MOSECs can undergo spontaneous malignant transformation into epithelial ovarian cancer cells (Flesken-Nikitin et al., 2013b; Gamwell, Collins & Vanderhyden, 2012; McCloskey et al., 2014; Roberts et al., 2005) . During in vitro cell culture and passages, the MOSECs show morphology changes and gene alterations (Flesken-Nikitin et al., 2013b; Gamwell, Collins & Vanderhyden, 2012; McCloskey et al., 2014; Roberts et al., 2005) , which could be a good in vitro cell model to mimic human ovary carcinogenesis. Previous studies showed that the spontaneously transformed MOSECs had reliable formation of homologous HGSC tumors. MOSE-I cells refer as a pre-cancerous benign tumor, while MOSE-II cells are malignantly transformed cells (McCloskey et al., 2014) .
To date, epithelial ovarian cancer has a terrible prognosis and detection of differentially expressed genes (DEGs) in ovarian cancer could better stratify the risk in predicting ovarian cancer in women and/or treatment responses. Thus, in this study, we first isolated MOSECs from six-month female BALB/c mice and continuously cultured and passaged them in more than 35 passages, during which we obtained early passaging MOSECs and later passaging MOSECs and named them MOSE-I and MOSE-II, respectively. These MOSE cells model is a credible in research on ovarian cancer because these two types of MOSECs displayed distinguished cell morphology and growth potential in soft agar. We thus utilized them to profile differentially expressed genes using the Illumina HiSeq2000 Next-Generation Sequencing (NGS) platform and bioinformatical analyses and to identify prognostic biomarkers for ovarian cancer patients using the gene expression profiling interaction analysis (GEPIA; http://gepia.cancer-pku.cn/). Our hypothesis was to utilize MOSECs to identify and evaluate DEGs as biomarkers for ovarian cancer early diagnosis and prognosis prediction; thus, we then associated these DEGs with survival of ovarian cancer patients using the Cancer Genome Atlas dataset and the online Kaplan-Meier Plotter (http://www.kmplot.com) data. We also used the Gene Ontology (GO) and the Kyoto Encyclopedia of Genes (KEGG) tools to assess the functions of these DEGs for better understanding of ovarian cancer biology.
MATERIALS AND METHODS

Isolation and culture of MOSE cells
The animal protocol for this study was approved by the Institutional Animal Care and Use Committee (IACUC) of Fuzhou General Hospital (Fujian, China) and followed the regulatory animal care guidelines of the United State National Institute of Health (Bethesda, MD, USA). In this study, we obtained six-month female BALB/c mice from the Shanghai SLAC Laboratory Animal Co., Ltd. (Shanghai, China). We isolated mouse ovarian surface epithelial cells (MOSECs) and cultured them in the ''MOSE medium'' containing α-Minimum Essential Medium from Thermo-Fisher Scientific Company (Waltham, MA, USA) supplemented with 4% heat-inactivated 3:1 donor bovine serum: fetal bovine serum (Gibco, Gaithersburg, MD, USA), 5 U/ml of penicillin and 5 µg/ml of streptomycin solution (Invitrogen, Carlsbad, CA), 0.1 µg/ml of gentamicin (Invitrogen) at 37 • C with 5% CO 2 according to the previous described protocols (Gamwell, Collins & Vanderhyden, 2012; McCloskey et al., 2014) . The MOSECs with spontaneously malignant transformation phenotypes were maintained in the MOSE medium according to a previous study (Flesken-Nikitin et al., 2013a) , which have two phases, i.e., the early stage (MOSE-I; normal epithelial cells) and the later stage (MOSE-II; various phenotypes of ovarian cancer cells).
Generation and characterization of MOSE-I and MOSE-II cells
To induce spontaneous malignant transformation of MOSECs, we grew and passaged the primary cultured MOSECs in the MOSE medium continuously. The early passages of MOSECs were MOSE-I, whereas MOSECs at 35 passages or more become MOSE-II. To distinguish them, we monitored their morphology under an inverted phase contrast microscope (Thermo-Fisher, Waltham, MA, USA) and grew them in the soft agar. Specifically, cells were passaged from adherent cultures using 0.05% trypsin, washed with phosphate-buffered saline (PBS) to make a single cell suspension by passing cells through a syringe, and then 100 cells were plated into each of the 40-mm cell culture dishes and grown for 14 days. The cells were then stained with crystal violet (Sigma Aldrich Chemicals, St. Louis, MO, USA), photographed under an inverted microscope, and counted. For the soft agar assay, we first made the base layer agar by mixing 1:1 of 2×Ham's F-12: the MOSE medium (Sigma Aldrich Chemicals, St. Louis, MO, USA) in 60-mm cell culture dishes and then mixing the cell suspension (2.5 × 10 4 ) with the ultrapure LMP agarose (Invitrogen, Carlsbad, CA, USA) at 37 • C and then pouring this into the top of the base layer of agar and incubating them at 37 • C for 7 days. The cell colonies were photographed using the EVOS XL imaging system (Invitrogen) and quantified using Image J software (National Institute of Heath, Bethesda, MD, USA).
Next-generation sequencing of differentially expressed genes between MOSE-I and MOSE-II cells
To profile differentially expressed genes between MOSE-I and MOSE-II cells, we performed next-generation sequencing of differentially expressed genes between MOSE-I and MOSE-II cells. In brief, the total cellular RNA was isolated from MOSE-I and MOSE-II cells using Trizol Reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's protocol. After RNA quantitation and reverse transcription into cDNA, we prepared the cDNA library for each cell type using Illumina TruSeq Libraries (Illumina, #RS-122-2001, NY USA) and then performed next-generation sequencing of differentially expressed genes between MOSE-I and MOSE-II cells using the Illumina HiSeq2000 NGS platform available at Tigem Institute in Pozzuoli (Naples).
Bioinformatic analysis with the Gene Ontology (GO) terms and the Kyoto Encyclopedia of Genes and Genomes (KEGG) database
These differentially expressed genes (DEGs) were bioinformatically analyzed using the GO term to annotate the unique biological functions of these DEGs. We then further analyzed their signaling in the pathways using the KEGG database. The significant GO terms and pathways were generated using Fisher's exact test and statistically corrected using the false discovery rate (FDR) of the p-values.
Construction of DEGs into a protein-protein interaction (PPI) network
After bioinformatic analysis of these DEGs with the GO terms and the KEGG database, we further constructed these DEGs into the PPI network using STRING (version 9.1, http://www.string-db.org/) according to the previous description (Franceschini et al., 2013) . This web resource contains a biological database for the comprehensive prediction of the known protein-protein interactions. We uploaded our DEGs into the STRING database; the web site then generated the PPIs for these DEGs. We used a combined score of >0.5 as the cut-off criterion to identify any given protein interacts with another one and then imported these PPI pairs into the Cytoscape software (http://www.cytoscape.org/) according to previous research (Saito et al., 2012) to help us to construct the PPI network, in which the hub nodes (the key proteins that possess important biological functions) were revealed by calculating the degree to connect to other proteins vs. non-connected ones.
Gene expression profiling interaction analysis (GEPIA)
GEPIA is a web tool (http://gepia.cancer-pku.cn/) to profile gene expressions between tumor and non-tumor tissues and provides interactive data analyses. In this study, we utilized this online tool to analyze the levels of four selected DEGs (i.e., GMPS, PR, CD40, and p21) between ovarian cancer specimens and normal controls and performed a Student's t -test to for statistical significance with a cut-off of p value <0.05 and four-fold changes.
The TCGA database and cBioPortal
The Cancer Genome Atlas database was used to store both DEGs and clinicopathological data on 30 different human cancers (Tomczak, Czerwinska & Wiznerowicz, 2015) . In this study, we retrieved the ovary invasive carcinoma (TCGA, Provisional) dataset, which includes DEGs data on 606 cases of ovarian cancer vs. 311 normal tissues. We then put our DEGs data vs. TCGA data into the cBioPortal (http://www.cbioportal.org), which is a web resource to help explore, visualize, and analyze DEGs data (Gao et al., 2013) . The overall survival (OS) and disease-free survival (DFS) were stratified by these DEGs and then calculated according to the cBioPortal's online instructions. In addition, we also generated the Kaplan-Meier curves of ovarian cancer patients stratified by the expression of GMPS, PR, Cd40, and p21 mRNA levels using the online Kaplan-Meier Plotter (http://www.kmplot.com) according to a previous study (Gyorffy et al., 2013) . This website accumulated data on the gene expression and survival of 4,142 ovary cancer patients. We analyzed the relapse-free survival (RFS) of ovarian cancer patients stratified by high vs. low expression of GMPS, PR, CD40, and p21 using the Kaplan-Meier curves and the log rank test and the hazard ratio with 95% confidence intervals (CI). The reason to select these four top hub genes was because they possessed a number-at-risk below the main plot (curve).
RESULTS
Characterization of MOSE-I and MOSE-II cells
In this study, we isolated MOSECs from female BALB/c mice and passaged them into MOSE-I and MOSE-II cells in vitro. We found that the early passages of MOSE-I cells grew slowly with doubling time of 48 h, whereas the growth rate MOSE-I increased when it was passaged more than 35 passages. Morphologically, MOSE-I cells started to lose the epithelial ''cobblestone''-like appearance under an inverted microscope, which is the characteristic of early passage MOSE-I cells (Fig. 1A) , consistent with previous studies (Gamwell, Collins & Vanderhyden, 2012; McCloskey et al., 2014) . Continual passaging of MOSE-I for more than 35 passages led it to be established as MOSE-II. MOSE-II loses the epithelial ''cobblestone''-like morphology and transitions to a more mesenchymal morphology (Fig. 1A) . To distinguish them, we monitored their morphology under an inverted phase contrast microscope and grew them in soft agar. The latter assay measures the anchorage-independent growth, which is the characteristic of transformed cells in vitro. Our data showed that MOSE-II cells were able to form colonies in the soft agar, whereas MOSE-I could not (Figs. 1B and 1D) . We also assessed their proliferation capacity using the plate colony formation assay and found that MOSE-II formed more colonies with larger cell sizes than those of MOSE-I cells (Figs. 1C and 1E and 1F ).
Profiling of differentially expressed genes (DEGs) between MOSE-I and MOSE-II cells
Using this cell model of MOSE-I and II, we profiled DEGs using the Illumina HiSeq2000 NGS platform. Our experiments were in three biological replicates to reduce sample variations due to cell heterogeneous cultures. MOSE-I cells were randomly selected at Passage 5 (P5), P15, and P25, respectively, while MOSE-II cells were selected at P50, P70 and P90, respectively. Among them, 14,218 genes were detected and analyzed. We found a total of 263 DEGs, which included 182 up-regulated and 81 down-regulated DEGs using MOSE-I (passage 20) and MOSE-II (passage 90) were grown for 14 days and stained with crystal violet solution and photographed. The graphs were quantified data of the colony formation assay. * * p < 0.01 and * * * p < 0.0001 analyzed by Student's t test. The data on E and D were generated by the Image J software, while the data on F were from the EVOS XL imaging system.
Full-size DOI: 10.7717/peerj.6301/ fig-1 Volcano plots (Fig. 2) . The cut-off values for the up-regulated DEGs were log2 FC >2 and p < 0.05, while the down-regulated DEGs were log2FC<-2, p < 0.05 (Table 1) .
Bioinformatical data on the GO terms, KEGG, and PPI network of the DEGs
The GO terms showed that these DEGs formed several important terms in cell biology, such as positive regulation of cell proliferation, positive regulation of transcription from RNA polymerase II promoter and signal transduction (Fig. 3B) . The KEGG pathway analysis showed that these DEGs-formed hub genes were enriched in the pathways related to the PI3K-Akt signaling and pathways in cancer (Fig. 3A) , both of which are positively associated with ovarian cancer development (Kurose et al., 2001; Li, Zeng & Shen, 2014; Rossig et al., Figure 2 Identification of DEGs using Volcano plots. The X -axis indicates the fold change (logs value), whereas the Y -axis shows the p values (logs value). Each symbol represents a different gene, and the red/-green color shows the up-or downregulated genes falling under different criteria (p value and fold change threshold). A p value <0.05 is considered as statistically significant, whereas the four fold changes were set as the threshold. Full-size DOI: 10.7717/peerj.6301/ fig-2 2001). Furthermore, the PPI network of these DEGs is shown in Fig. 4 . In particular, there were 35 nodes forming the hub genes from 27 up-regulated and 8 down-regulated genes ( Table 2) .
Association of these DEGs-formed hub gene expressions with overall survival of ovarian cancer patients
We then associated the expression of these DEGs-formed hub genes with OS and DFS of ovarian cancer patients using TCGA database data. We first assessed the expression of all 35 hub genes in 182 tissue samples out of 263 ovary invasive cancer patients and found that among these genes, four (GMPS, PR, CD40, and p21) had the alteration rates of more than 10% (Fig. 5A) . We then plotted the Kaplan-Meier curves and performed a log-rank test to associate them with OS and DFS of patients. Our data showed that the aberrant expression of GMPS, PR, CD40, and p21 mRNA was associated with poorer OS in patients (Fig. 5B ) but not with DFS in patients (Fig. 5C ). Indeed, these four genes were also differentially expressed in ovarian cancer tissues vs. normal tissues; specifically, GMPS was highly expressed in ovary cancer tissues (Fig. 6A) , which was associated with RFS in patients (Fig. 6E) . In contrast, the expression of PR, CD40, and p21 mRNA was reduced in ovarian cancer tissues (Figs. 6B-6D) , which was associated with poor RFS (Figs. 6F, 6G, 6H) .
DISCUSSION
In the current study, we profiled DEGs between pre-malignant MOSE-I and highly malignant MOSE-II cells and found 182 up-regulated and 81 down-regulated DEGs. Our bioinformatical analysis showed that these DEGs function to positively regulate cell proliferation, gene transcription from RNA polymerase II promoter, and signal transduction, while KEGG pathway data showed that these DEGs could be related to the PI3K-Akt signaling and pathways in cancer. Furthermore, the PPI network analysis of these DEGs identified 35 hub genes (27 up-regulated and eight down-regulated genes) and that four of them were associated with poor overall survival in ovarian cancer patients. In addition, these four genes were also differentially expressed in ovarian cancer tissues Figure 4 The DEGs-formed protein-protein interaction network. The red and green circles represent up-and down-regulated genes, respectively. The node represents genes and edges for their role in connection between proteins. The nodes are colored based on in-between significance, and the higher the value, the darker the color, whereas the node size is proportional to the degree value, i.e., the higher the value, the bigger the size. The thicker the line, the tighter the connection between the two proteins.
Full-size DOI: 10.7717/peerj.6301/ fig-4 compared with human normal tissues. Specifically, GMPS was highly expressed in ovary cancer tissues, which was associated with RFS, whereas the expression of PR, CD40, and p21 mRNA was reduced in ovarian cancer tissues, which was associated with poor RFS.
In conclusion, the data from the current study profiled and identified four DEGs, which could predict overall survival and recurrence-free survival in ovarian cancer patients. Future prospective study will need to validate our current data before using them clinically. Indeed, this in vitro cell model of ovarian cancer progression could provide a useful tool for identifying gene alterations and drug effect tests. In this system, MOSEs cultured in vitro can undergo spontaneously malignant transformation into ovarian cancer (McCloskey et al., 2014) . Morphologically, MOSE-II cells lost their normal epithelia ''cobblestone'' characteristic and were able to form soft agar colonies (McCloskey et al., 2014) as well as gene alterations (Lv et al., 2012; Roby et al., 2000; Urzua, Best & Munroe, 2010) . When MOSE-II cells were injected into the peritoneal cavity of immunodeficient animals, tumor metastases and bloody ascites formed in the mouse peritoneal cavity (Roberts & Schmelz, 2013; Roby et al., 2000) , which is typical of advanced human ovarian cancer (Ahmed & Stenvers, 2013) . In 2014, McCloskey and his colleagues discovered that differentially expressed genes of MOSE-II were consistent with the differential genes of human high-grade serous ovarian cancer (HGSC) tumor samples and previous studies of ovarian cancer cell lines (McCloskey et al., 2014) . HGSC tumors after immunohistochemical profiles confirmed that MOSE-II can be used as a homologous model of HGSC. Finally, MOSE-II expressing SCA1 appeared to be more aggressive than ovarian cancer cell lines, with increased colony formation efficiency in vitro and faster onset of tumors in vivo (McCloskey et al., 2014) . Thus, this model of cells is useful in the future study of ovarian cancer prevention and treatment (Ricci, Broggini & Damia, 2013 ). In the current study, we profiled DEGs between MOSE-I and MOSE-II cells using this model system and found that DEGs were compatible with human disease. Furthermore, our PPI network analysis identified that 35 significant nodes and nine genes participate in the PI3K-Akt signaling pathway, which confirmed data from a previous study, indicating potential therapeutic targets for ovarian cancer (Li, Zeng & Shen, 2014) . These genes are frequently altered, such as PIK3CA mutation or amplification in up to 30% ovarian cancer patients, while PTEN expression was lost in up to 40% of patients (Campbell et al., 2004; Kurose et al., 2001) . In addition, six of these 35 hub genes are a part of the Rap1 signal pathway, and a previous study reported them to be associated with serous ovarian cancer metastasis (Che et al., 2015) . Furthermore, these DEGs were annotated into the GO terms and were shown to positively regulate cell proliferation, which is one of six essential cancer hallmarks: selfsufficiency in growth signals (Hanahan & Weinberg, 2000) . Indeed, the positive regulation of cell proliferation is the basis of cancer development and progression. Moreover, each of these pathways identified in the current study can promote or transform normal cells into cancer cells (Evan & Vousden, 2001) . Furthermore, our current study identified a four-gene signature to predict overall survival of ovarian cancer patients. Specifically, GMPS, a guanosine 5 -monophosphate synthase, is an enzyme that converts xanthosine monophosphate to guanosine monophosphate. Thus, GMPS is important in nucleotide biosynthesis for normal cell proliferation and oncogenesis. Reddy's data showed that GMPS in combination of TRIM21 with USP7 formed a molecular cascade that controls p53 stability in response to DNA damage or nucleotide deprivation. Therefore, GMPS is a classical biosynthetic enzyme that promotes cell growth and DNA replication, and is also a key center for p53-restricted cell proliferation (Reddy et al., 2014 ). In our current study, we found that GMPS was highly expressed in ovary cancer tissues compared with that of non-tumor tissues and that GMPS expression was associated with RFS of patients. This piece of data is novel and has been not reported in literature before. A previous study showed that GMPS was an important p53 repression target in liver cancer cells (Holzer et al., 2017) , which further indicates the importance of GMPS in oncogenesis. As we know, p53 is a tumor suppressor protein and can prevent aberrant cell proliferation, which may be through the repression of GMPS activity (Holzer et al., 2017) . In addition, PR, as the nuclear receptor, functions to regulate the development and cycle of hormone-responsive tissues, such as the mammary glands and reproductive tract. Several previous studies demonstrated PR expression as a biomarker to predict better prognosis of endometrioid and high-grade serous ovarian carcinoma (Jonsson et al., 2015; Lee et al., 2005; Lenhard et al., 2012; Sieh et al., 2013) , while lost PR expression was associated with advanced stages of ovarian cancer (Feng et al., 2016) . Indeed, progesterone and progestin were shown to play a protective role against ovarian carcinogenesis (Edmondson & Monaghan, 2001) , and PR expression was a favorable prognostic marker associated with longer progressionfree survival in ovarian cancer patients (Tangjitgamol et al., 2009; Van Kruchten et al., 2015; Wong et al., 2007) . Our current data confirm these previous data. Furthermore, CD40 is a transmembrane glycoprotein and the member of the tumor necrosis factor receptor superfamily, which can mediate a broad variety of immune and inflammatory responses (Grewal & Flavell, 1998) . CD40 is frequently expressed in different immune cells and endothelial and epithelial cells. The binding of CD40 to CD40 ligand was shown to have various physiological and pathological roles in the human body (Grewal & Flavell, 1998; Van Kooten & Banchereau, 2000) . A previous study demonstrated that CD40 ligands enhanced the sensitivity of epithelial ovarian cancer cells to cisplatin treatment (Qin et al., 2016) . CD40 was highly expressed in ovarian cancer cell lines and tumor samples but not in normal ovarian tissue (Zhou et al., 2012 ). In our current study, we found elevated CD40 expression in MOSE-II cells compared with MOSE-I cells; however, CD40 expression was reduced in ovarian cancer tissues, which is opposite the findings of a previous study (Zhou et al., 2012) . Thus, further study is needed to determine the reason for this discrepancy. In addition, p21 also called as CDKN1A cyclin-dependent kinase inhibitor 1A, functions to regulate cell growth arrest by inhibiting Cdks, which is required for cell cycle transition from the G1 to S phase (Xiong et al., 1993) . Through the interaction with the proliferating cell nuclear antigen (PCNA),/p21 was able to inhibit DNA replication (Rossig et al., 2001) . Our current study showed that p21 was highly expressed in normal tissues but reduced in ovarian cancer tissues, which was associated with better survival of patients, consistent with a previous study (Alves et al., 2018) . Indeed, a previous study demonstrated that pyridine derivative-induced ovarian cancer cell senescence occurred through p21 activation (Shang et al., 2018) . However, other studies reported that CDKN1A/p21 expression promoted breast cancer and mediated drug resistance (Cheng et al., 2010; Hawthorne et al., 2009) , and clinical studies have indicated that high p21 expression was correlated with poor prognosis of gastric and esophageal cancers (Liu et al., 2014; Taghavi et al., 2010) . Thus, further study is needed to clarify this discrepancy. However, our current study does have some limitations; for example, our current study just profiled differentially expressed genes in ovarian cancer and associated them with prognosis of ovarian cancer as well as performed bioinformatical analysis to associate four of them with ovarian cancer progression; however, much more are needed in precise research on their biological functions and role in ovarian cancer development and progression. Furthermore, future validation of these DEGs in ovarian cancer is also needed before any applications to patients.
